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ABSTRACT

\

A preliminsry inveatigation of asrial estimmtlion of slant range-to=
ground tergets was conducted on fixsd platforms of approximately 25.5,
71, and 105-foot elevations,

\
In addition to the three altitudes, the study compares the effects
of increasing observation time from 10 to 20 zeconds and extanding ths
ground range of targets from 50 to 1,102 yards.

~,

Ho improvement in performence resulted from increasing obsarvation
time from 10 to 20 seconde. It is suggosted that ¢ims intarvals of less
than 10 saconds be considered for further investigatien.

A 8light bul noticeabls underestimation of rangs cccurs for ths
Jower altitudes far the shorter ground ranges. This affect drops out
at increased altitudes and ranges. For intermediste ranges of 100 =
800 yards, the lower altitude of observation proved superior., HKowsver,
at the range of 800 to 1,100 yards, increasing the cbserver's altitude

improved performancs.

The amount of slant range estimation orror is approximately & line-
ear function of ground rangs. For ranges greater than 250.yurds, it is
in the nsighborhood of 60 to 75% of ground range.




A PRELIMINARY STUDY OF SIANT RANGE
ESTIMATION FOR OBSERVERS ON ELEVATED PIATFORMS -

INTRODUCTION .

The proposed placemsnt of ground target weapons on low level aerisl
platforms, as helicopters, places a reguirement for accurate slant range
estimation upon a pilot or observer-gunner located on the platform.

A number of mechanical and electrical aids to range estimation have
been proposed for helicopter use, To form & bagseline against which these
suggssted aids ray be compared, this study proposes to investigate the
capabilities of unaided, untrained observers in estimating slant range.

In the pressnt study, & fixed elevated platform was utilized. Futura
studies in this series will utilize military helicopters as the elevated
platform. The helicopters in these studies wilil smploy such typical maneu-
vers as pop-up, continuous or irrsgular forward motion, etc.

The subjects for the study conszisted of an average selection of en-
listed men stationed at an Ordnancs installation., It may be predicted
that improved ranging would occur with more highly selected subjects.
Since naive subjects were used throughout the study, these results can
also be ussd as a base against which the success of a training progran
could bs compared.

METHOD AND PROCEDURE

A total of 22 enlisted men stationed at Aberdeen Proving Ground wers
brought to the Madonna Fire Tower located at Madonna, Maryland,# in groups
of three and four (Fig. 1). This area was selected for its proximity to
Aberdean Proving Ground and for its reiatively flat and unobstrusted view
cf the surrounding terrain, Targets could bs positicned up to a range of
approximately 1,100 yards and still be visible.

The targets consisted of wooden frames of rectsngular shape (4 by 6
fest), covered ty a cloth fiber that had bsen dyed yellow (Fig. 2). This
easily observable color was chosen in order to make the task of finding
the target ss simpls as possible. Since time to range was one of the in-
dependent variables for estimation of range, it was desirable that the
time requirad to explore the surrounding field, not influence the obtain-
ed results.

¥ The muan fngineering laboratoriss wishes to express its appreciation
to ths Marylsnd State Dept. of Forests and Parks for permission to use
their facilities at Madonna.




Fig. 1 ~ MADCNNA FIRE TOWER. Observations were mads from the platforms
on which canvas guards have besn hutlt.




Fig. 2 - View of surrounding terrain with one targst raised, as seen
from the Madonna Fire Tower.




Nine fixed positions in the field surrounding the fire towar were
used for target positions. These were numbered in the following manner:

R R Y

Targst Distance from Target

50 yards
75 yards
100 yards
200 yards
300 yards
350 yarde
502 yards
702 yards
1,102 yards

O O~ ONNETW N

An enlisted man was stationed near each of the targets and upon a signal
from a walkie-talkie would raise the target and ksep it raised until told
to lower it.

The subjects were givern instructions at the base of the tower before
going up to their first position, as follows:

*In this study, we are interested in how accurately
you can estimats slant range (explain) to a target
from a particular height.

"The target will be the yellow rectangle held up by
& soldier in the field. You are to judge its dis«
tance, in yards, from where you stand in the tower.
You will be allowad only one sstimate and & short
period of tims to make 4t in., UTo up to the plat-
form that the sxperimenter tells you to without
looking at the iarget and then face awey from it,
when you reach the platform.

"The experimenter will signal you when you are to
face the targe and when you are to look away from
it. Use all the time alloted for your estimate.”

They were not informed at any time during the study as to whether they
had rade an accurate estimate or ths extent of their error,

The subjects were instructed to go to one of three platforms (Fig. 1)
in the tower and face away from the targets. After the experimenter %E)
had signaled by radio to the assistant in the {ield to raise a designated
target, the subject (S) was told to get ready to make his estimate. Upon
the signal, "go", the S would turn around to face the raised target, and
the E would start a stop watch. Upon the completion of either & 10- or
20-sscond time pericd, the E would say, “Stop - now turn around®, and the
S would then indicate to the E his estimate of slant range (Fig. 3). The
Taxt S would then come up to the same platform and the procedurs would be
repeated.
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Fig., 3 - Subject And An Experimenter Racording Range Estimstion
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After a block of four subjeccts had been exposed to a target at a
particular height, they would nroceed to the next altitude desi- ated by
the E and the procedure, described avave, would be repeated.

The three plstforms used were at 25,5, 71, and 105 feet. The corract
slant ranges are listed in Table 2.
Table 1
Actual Slant Range to Targets
From The Three Towsr Altitudes (In Yards)

Oround Range Tower Heights (In Feet)
Position Yards 25,57 ey 105!
1 [0 51 55 61
2 75 75 79 83
3 100 100 103 106
h 200 20 201 203
S 300 300 301 302
6 250 350 351 352
7 502 502 503 503
8 702 702 702 703
9 1102 11¢2 1102 1103

The sequence of targets and platform heighte was varisd randomly in
order to prevent any of the altitudes or ranges from being systematically
affected by fatigue or training.

Range estimates were limited to days on which the minimum visibilit,
would include the targets' positions at the maximum distance of 1,100
yards (Table 2).

Table 2
Description of Weather During Study

Date Visibility Temp, Description

3 Nov 7 Miles 600° Ptl. Cloudy
15 Nov -6 Miles 659 Ptl, Cloudy and Windy
17 Nov Unlimited 70° Clear and Sunny
18 Nov 6 Miles 60° Ptl, Cloudy
21 Yov 6 Miles 60° Ptl. Cloudy
22 Nov 5-6 Miles 659 Ptl. Cloudy




SUBJECTS

Twenty-two enlisted men attached to the USA Ordnance Special Troops
Battalicn, Aberdeen Proving Ground, Maryland, were assigned as Ss for the
study. Their ages ranged from 17 to 30. None of the Ss had any prior
experience in aerial or ground-range estimation. Or+thorater vests for
far visual acuity were given and the results presented in Table 3. A
ccore of 10 on the Orthorater is equivalent to 20/20 on the Snelling Chart.
The narrow range of scoras was probably the result of the subjects beaing
permitted to wear their glasses during *“» test.

Table 3

Median Orthorater Scores for Far Visual Acuity

Median Q
Far Visusl Acuity - Both Eyes 175 N1
Far Visual Acuity - Left Eye 10,50 .10
Far Visual Acuity - Right Eye 11,30 <05

RESULTS

Three independent variables were investigated: (1) The amount of
time the S was allowed to make the range estimation, The two time inter-
vals used were 10 and 20 seconds {a third period of 30 seconds we3 in-
cluded in a pilot study, but the results were almost identical with thoss
recorded for the 20-second interval)., (2) The three altitudes from which
the targets were positioned.

Table L presents results for mean error in yards of slant-range
estimation for the independent variables of tims, altitude, and ramge.
A positive value indicates an overestimation of range and a negative
value an underestimation of rangs.

These results are graphed in Figs. L, S, 6, 7, 8, and 9. Figs. 4, 5,
and 6 preseni the mean-slant range error for ground range and time to ob-
serve for each of the three altitudes. Figs.7, 8, and 9 prssent the mean
slant-range error for the ground range and altitude for the two time in-
tervals of 10 and 20 seconds, and the twe time periods combined.

Characteristically, the ranging error is slight for the nearer
ranges and then rises steadily in an approximately linear fashion.

The most significant finding for Figs. L, 5, and 6 is the degree of
overlap in errors of estimation for the 10- and 2C-second periods of ob-
servationa, This confirms the reports of the subjects in the field that
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a range estimate or fix is made alrest imnmediately after s target is first
seen. In addition, the findings of the pilot study, which includsd a 30-
second interval, indicated that little or no improvement occured as ob-
servation time increased from 2C to 30 seconds.

Whether range estimation accuracy will decreass if time to observe
i3 reduaced below 10 seconds, will have to be investigated in future stud-
ies in this serles. It seems that ne improvement in range accuracy is
gained by increasing the cbservation time above 10 seconds. This result
appliss only to rangs estimation and should not be extended to such addi-
tional tasks, of an aerisl observer, as location and identificaticn of a
target,

A single exception to thiz finding is the range estimetion for the
target location at the rangs of 1,100 yards, for the lowest altitnde of
25 feet. A sizabl: isprovement in range estimation occurs as ths tims to
observe is increased from 10 to 20 seconds.

This last result is probacly due to the added time roquired to find
the target at this great range. Targets at distances greater than 1,100
yerds were included in the pilot study, but Ss either were unable to lo-
ca*s them or apent an inordinate amount of time searching fc~ the targets.

The effect of increasing altitude on range estimation is somewhat
more difficult to interpret. The slight underestimation of renge for the
ehorter rangcs drops off as the altitude is increased. If we congider
range estimation from a grouncé position as a limiting condition of the
effect of altitude on renge estiration, it has bLeen a frequantiy confirmed
finding that observers consistently underestimate ranges up to cbeut 100
yards, For distences grsatar than 100 yards, the error for all altitudes
is positivs or an overestimation of range.

From abouc¢ 1CO *o 700 yards, thers is an irregular but consistent
irend for estimation accuracy to drop a2z altitude is increased, i.e., the
performance is best fron the 25.5 foot aliitude and poorest for the 105-
foot altitude, with the estimations from tna 71-foot platform falling
roughly midvay beidwssn those two values,

At the maximum range of 1,100 yards, there is a slight tendency for
the higher altitudes to result in improved ranging, This finding would
suggest thct for ranges greater than 800 to 1,00 yards improvement in
ranging may result by Increasing the altitude of observation, for ranges
lass than this the lower aliitade of 25.5-feet iz recommended.

Ths effect of increased range on range estimation is very roughly a
linear function, with the exception of gruund ranges below 250 yards.,
The sbsciute srror is in the neighborhood of 60 - 75%¢ of ground range.
Thias extremely large error mey be zitributed to the inexperience of the
Ss, Spesially selectsd and trained observers would undoubtedly perform
more efficiently,
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SUMMARY

A field test of unaided visual ranging from three fixed elevated
platforms of 25,5, 71, and 105-feot was conducted at a site near Aberdeen
Proving Ground, Maryland. This preliminary investigation was performad
to form a baseline against which aids to ranging from an aerial platform
could be corparsd. Nine distances from the tower, were selected for tar-
gst positions, The ground range distances of the targets wers 59, 15,
100, 200, 300, 350, 502, 702, and 1,102 yards.

Three indepsndent variables were investigated - time to range on a
target, altitude of cbservaticn, and range of target.

The two time intervals of 10 and 20 seconds did not differ signifi-
cantly in accuracy of range sstimstion. Further reduction in time of ex-
posure should bs considered in future studies,

For the shorter ground ranges a slight but ncticeable underestimation
of distance from the lower cbservation altitudes was found, which is in
2ccord with the findings of rangs estirations made on the ground. This
negative error drops off ss5 the altitude of obssrvation is increased,
For the intermediate ranges of 100 to 800 yards, the lowest altitude of
25,5 feet proved consistently superior, for the ranges of 800 to 1,100
yards the higher altitudes wers superior.

After the shortest range intervals, the amount of rangs estimation
error is an approximate linear function of ground range. It is in the
neighborhood of 60 to 75% of ground range.




